Six of 14 patients with hemodynamically proven subaortic stenosis (SAS) showed electrocardiographic patterns consistent with myocardial infarction. Analysis of the 0.02-sec horizontal plane vector allowed discrimination between true myocardial infarction and SAS. In SAS this vector was shifted anteriorly and to the right consistent with septal hypertrophy and increased left-to-right early septal forces.
SUMMARY
Six of 14 patients with hemodynamically proven subaortic stenosis (SAS) showed electrocardiographic patterns consistent with myocardial infarction. Analysis of the 0.02-sec horizontal plane vector allowed discrimination between true myocardial infarction and SAS. In SAS this vector was shifted anteriorly and to the right consistent with septal hypertrophy and increased left-to-right early septal forces.
Cineangiographic studies of left ventricular contraction revealed a unique pattern also consistent with septal hypertrophy disproportionately greater than that of the ventricular free wall.
No correlation existed between maximal instantaneous vectorial voltage, and either the peak left ventricular pressure or the pressure gradient within the left ventricular outflow tract. Striking increases in vectorial forces in SAS may be related to dystrophic changes within the myocardial mass and may not be attributable to simple hypertrophy secondary to hemodynamic obstruction. Additional Indexing Words:
Vectorcardiogram
Ventricular hype Electrocardiogram ABNORMALITIES in the QRS complex of the electrocardiogram have been documented in virtually all patients with idiopathic hypertrophic subaortic stenosis (SAS). Among the more remarkable findings de- scribed have been broad initial Q waves suggestive of myocardial infarction" 2 and tall R waves in the precordial leads consistent with left, right, or combined ventricular hypertrophy.3 In the absence of suspected coronary artery disease, the Q wave abnor-From the Cardiovascular Unit, Department of Medicine, Peter Bent Brigham Hospital, and Harvard Medical School, Boston, Massachusetts. Work was supported by Grants I-POI-HE-11306-01,5T01-HE-05679-03, and Cineangiographic analysis of left ventricular contraction in SAS has also suggested that septal hypertrophy may play a key role in the mechanics of this disease. Shortening occurs preferentially and excessively along the short axis while shortening along the long or apex-to-base axis is restricted.6 Thus both the electrical and the mechanical evidence tend to incriminate the ventricular septum in the disordered hemodynamics in many cases of SAS. An analysis and a correlation of the electrocardiographic, vectorcardiographic, cineangiographic, and hemodynamic findings in 14 subjects with this disease were therefore undertaken. HYPERTROPHIC SUBAORTIC STENOSIS Methods Cardiac catheterization was performed by conventional techniques upon 14 patients with bypertrophic subaortic stenosis (SAS). In all instances the left ventricle was catheterized by the retrograde transfemoral, or brachial arteriotomy routes. Left intraventricular pressure gradients were measured by repeated passage and withdrawal of the catheter transaortically between the inflow tract of the left ventricle and the ascending aorta under direct fluoroscopic and pressure monitoring. Care was taken to exclude spurious elevation in the intraventricular pressure consequent upon an obliterated portion of the left ventricular apex. 7 The diagnosis of SAS was further confirmed by detection of a bifid brachial arterial pulse contour,8 a diminished brachial arterial pulse pressure following extrasystole,9 and an increase in the intraventricular pressure gradient following intravenous infusion of isoproterenol.9 Cineventriculography in the right anterior oblique projection was employed. Motion along the transverse (short) and apexto-base (long) major cardiac axes was analyzed as previously described.6 Errors secondary to cardiac rotation throughout systole (approximating 2%) were minimized by using percentage change in shortening from end-diastolic length rather than absolute shortening during systole along a given axis.'0 Left ventricular hypertrophy was documented electrocardiographically according to the standards of Sokolow and Lyon" as modified by Lamb and direction of instantaneous vectors at 10msec intervals from the E point. The maximal instantaneous spatial vector (MSV) was computed from the Pythagorean theorem, MSV= /X2 + y2 + Z2 where X, Y, and Z designate comparable projections in the three orthogonal planes.
Results
The electrocardiographic and hemodynamic findings in 14 cases of subaortic stenosis (SAS) are indicated in table 1. Normal sinus rhythm was present in all patients except E. Y. (case 12) who was in atrial fibrillation. All 14 patients displayed evidence of left ventricular hypertrophy (LVIH) ( fig. 1 ). Four subjects manifested LVH with intraventricular conduction disturbance, one of these being incomplete left bundle-branch block ( fig. 2 ).
Pressure gradients within the left ventricular outflow tract ranged between 5 and 86 mm Hg in the resting state and between 35 and 107 mm Hg during infusion of isoproterenol (1 to 4 ,ug/min). No correlation existed between the voltage of the maximum instantaneous spatial vector and outflow tract pressure gradients at rest or during infusion of isoproterenol.
Prominent R waves in the right precordial leads suggesting right ventricular hypertrophy (RVH) were evident in two instances ( fig. 3 ). One patient (case 11, table 1) had prominent P waves in leads I, II, and aVR ( fig. 4 ) and a 5 to 10-mm Hg pressure gradient within the outflow tract of the right ventricle indicating mild subpulmonic stenosis in addition to SAS. Abnormal Q waves suggestive of myocardial infarction were observed in seven instances. Three patients showed electrocardiograms consistent with anterolateral myocardial infarction (ALMI) ( fig. 3 ), or anterior myocardial infarction ( fig. 5 ). Another presented an inferolateral myocardial infarction pattern (ILMI) ( fig. 6 ). Significant Q waves in the right precordial leads suggested anteroseptal myocardial infarction (ASMI) in two patients ( fig. 7) .
Vectorcardiographic data in the three orthogonal planes are presented in tables 2 to 4. Abnormal anterior and rightward deviation of the 0.02-sec horizontal vector was seen in eight patients (1250 + 300). This proved to be significantly different from nor-Circulation, Volume XXXVIII, October 1968 mal in this laboratory (500 + 250) (P < 0.001). Though all eight patients fulfilled the electrocardiographic criteria for LVH, their 0.02-sec horizontal plane vector deviated sharply from that of autopsy-proven cases of pure LVH (44°+300) (P<0.001) and combined ventricular hypertrophy (490 + 21°) (P < 0.001). As indicated above, many patients showed an abnormality of the initial instants of ventricular depolarization suggestive of anterior myocardial infarction. Experience with a small series of cases of anterior myocardial infarction confirmed at autopsy indicates that both ALMI (0.02-sec horizontal vector; 2670 45) and ASMI (0.02-sec horizontal vector; 316°+ 32) (P < 0.001) may often be distinguished from SAS cases with ECG of a 25-year-old man with SAS, with subaortic pressure gradient of 5 mm Hg at rest and 10 mm Hg during isoproterenol infusion. ECG shows Q-S complex in leads V1., and left ventricular hypertrophy. Pattern suggests old anteroseptal wall infarction as well.
abnormal Q waves.'4 This vector is shifted posteriorly in cases of anterior myocardial infarction whereas in SAS it tends to be directed rightward and anteriorly. Figure 8A shows the scatter in the direction of the 0.02-sec vector in the horizontal plane in all 14 patients in this study. Figure 8B portrays the morphology of the horizontal loops in the eight patients with abnormal rightward and anterior 0.02-sec vectors. In only one case did the loop rotate normally; namely, in a counterclockwise fashion after an initial prominent rightward and anterior salient. The other seven cases illustrate a variety of abnormalities: initial clockwise rotation (one case), shift posteriorly of the midportion of the QRS loop suggestive of LVH (seven cases), and twisted loops (three cases). Only one of these patients demonstrated tall R waves over the right precordium; clearly, the early prominent rightward vectorial forces were more constantly reflected in the vectorcardiogram than in the electrocardiogram.
Analysis of left cineventriculograms revealed excessive shortening along the transverse (short) axis with restricted shortening along the long or apex-to-base axis. In the experience of this laboratory, this pattern of shortening is unique to SAS.
Discussion
The cardiodynamics of subaortic stenosis (SAS) have been studied extensively. 15 shown a rapid velocity of blood flow during the initial phases of ejection, approximately 80% of the stroke volume being expelled by mid-systole. '6 Cineangiographic analysis has further delineated the unusual characteristics of left ventricular contraction in SAS. In 10 patients with SAS, eight of whom are included in the present series, percentage shortening along the long axis during systole averaged 10% (range, 3 to 18%). Corresponding shortening along the short axis averaged 74% (range, 48 to 90%)).6 Thus, emptying of the chamber occurs primarily by shortening in the plane of the short axis.6 This can be explained, in part, by a reduced circumferential wall tension, or hoop stress, a consequence of the altered ratio between the long and short Circulation, Volumne XXXVIII, October 1968 axes during systole ( fig. 9 ). Diminished circumferential tension in the plane of the short axis would allow for increased velocity of fiber shortening along this axis.
At the same time, contraction along the long, apex-to-base axis is less pronounced than normal in SAS.6 Asymmetrical hypertrophy of the left ventricle, originally believed to account for the progressive systolic stenosis of the outflow tract,17 18 could also explain this observation. A greatly hypertrophied ventricular septum might act as a splint, impeding shortening along the apex-to-base axis while at the same time projecting into the left ventricular outflow tract and thus causing obstruction to blood flow. This could be caused by overgrowth of papillary muscles as well. Detailed analysis of the electrocardiographic abnormalities seen in SAS has prompted some investigators to postulate that septal hypertrophy is also responsible for many of these abnormalities. Prominent right precordial R waves and left precordial Q waves have been interpreted as being representative of increased left septal mass, with corresponding increased early septal vectors oriented in a rightward and anterior direction.4 Prominent right precordial R waves were observed in the electrocardiogram in but 14% of the present series. However, an unusual rightward and anterior salient was apparent in the horizontal plane vectorcardiogram in more than 50% of the cases. Abnormal electromotive forces attributable to left septal hypertrophy may, therefore, be more commonly present in SAS than has generally been appreciated from the scalar electrocardiogram. In one study of cardiomyopathy R waves of greater than 20 mm were seen in 25% of patients with obstructive cardiomyopathy but in only 4% of cases of congestive car-diomyopathy and cardiomyopathy.3 not at all in constrictive Electrocardiographic changes seen postoperatively in SAS have also pointed toward septal hypertrophy as the origin of the abnormal early vectorial forces. Ventriculomyotomy, designed to sever selectively the anterior divisions of the left bundle branch and thereby alter left septal depolarization, has caused diminution of tall right precordial R waves and disappearance of left precordial Q waves. 5 A single instance of spontaneous occurrence of right bundle-branch block with delayed right septal activation resulted in the emergence of right precordial R waves and left precordial Q waves. The abrupt postoperative development of electrocardiographic changes was felt to be additional evidence against right ventricular hypertrophy as the cause of the tall right precordial R waves. 5 Anomalous atrioventricular excitation (Wolff-Parkinson-White syndrome) has been observed in a number of patients with idiopath-Circulation, Volume XXXVIII, October 1968 6344 KLEIN ET AL. Circulation, Volume XXXVIII, October 1968 Distinction between SAS and anterior myocardial infarction was often possible when detailed analysis of the vectorcardiogram was made. Destruction of the muscle in the anterior left ventricular wall usually tends to shift the 0.02-sec vector posteriorly in anterior myocardial infarction.14 In SAS, however, the 0.02-sec horizontal vector was usually anteriorly directed, presumably a reflection of the increased electromotive forces associated with an enlarged septal mass.
HYPERTROPHIC SUBAORTIC STENOSIS
Efforts to explain the hemodynamic abnormalities of SAS on the basis of abnormalities in the magnitude or sequence of ventricular activation have generally proven unrewarding.23 In one study, utilizing direct epicardial electrodes, early activation of the left anterior paraseptal region was demonstrated on two occasions. 24 
Figure 9
Cine left ventriculogramn of a patient with SAS. Successive frames during single systole would show pronounced decrease in transverse but little in longitudinal axis.
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A. 646 electrocardiographic features seen in SAS remains unexplained.
No correlation between electrocardiographic indices of left ventricular hypertrophy and either peak left ventricular pressure or left ventricular outflow tract gradients has been found in SAS. 15 Similarly, in the present series, no significant correlation was observed between maximal spatial vectors and peak left ventricular pressures or outflow tract gradients, either at rest or during administration of isoproterenol. This is not surprising since the stimulus for myocardial hypertrophy and hence hemodynamic obstruction in SAS remains unknown. While careful histochemical studies have shown many features secondarily associated with dystrophic muscle disease, only one unusual feature primarily related to the muscle dystrophy has been described: that is, proliferation of sympathetic nervous tissue, with a corresponding increment in norepinephrine. 25 Necropsy studies in SAS have demonstrated the variable degree and location of the hypertrophied myocardium in this disease. To date, no detailed clinicopathological study has been made which correlates the distribution of the hypertrophied muscle with the electrocardiographic abnormalities. Some investigators have suggested that the several leads in which prominent Q waves appear might indicate the locus of greatest septal hypertrophy. This region, by dominating the earliest phase of ventricular depolarization would create an electrocardiographic pattern simulating myocardial infarction. If the hypertrophy were most pronounced on the posterior or left ventricular aspect of the septum, it would reduce or abolish R waves over the right precordium, and thus, would simulate anteroseptal myocardial infarction electrocardiographically. If, on the other hand, the hypertrophy were more pronounced on the anterior or right ventricular aspect of the septum, it would produce Q waves in leads II, III and aVF, and thus would simulate inferior infarction electrocardiographically; at the same time, it might increase the voltage Circulation, Volume XXXViil, October 1968 of R waves over the right precordium, simulating posterobasal myocardial infarct.
Histological studies have indicated the bizarre nature of muscular hypertrophy in SAS. Myocardial fibers occasionally exceed 50 microns in thickness (normal up to 12 microns) . 25 Fibrotic changes are usually limited to the subendocardium overlying the site of left ventricular obstruction. But focal degenerative changes, with fibrous replacement of locally destroyed muscle, have been observed occasionally.26 Such changes, if prevalent in the septal area, could also contribute abnormal Q waves in SAS.
